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Abstract

Myocardial injury is the most common cause of death in the 30 days after non-cardiac
surgery. Hypothermia increases sympathetic activation, promotes tachycardia, and
causes hypertension — all of which may increase the risk of myocardial injury. Only one
small study evaluated the relationship between moderate hypothermia and myocardial
infarction, and was unable to make definitive conclusions. Moderate perioperative
hypothermia is now uncommon, but mild hypothermia (=35.5°C) remains common.
Whether aggressive warming to a truly normothermic level (=37°C) improves outcomes
remains unknown. We therefore propose to test the primary hypothesis that aggressive
warming reduces the incidence of major cardiovascular complications. Up to 5,058
patients will be randomly assigned to routine care (core temperature =35.5°C) or
aggressive warming (>37°C core temperature) in a multi-center trial. Patients will be
randomly: 1) routine thermal management with rescue intraoperative forced-air
warming to prevent core temperature from decreasing to less than 35.5°C; or,
2) aggressive warming to a target final intraoperative core temperature between 37 and
37.5°C. The primary outcome will be a composite of myocardial injury (troponin
elevation, apparently of ischemic origin), non-fatal cardiac arrest, and all-cause mortality
within 30 days of surgery. Secondary outcomes, also within 30 days, will include: 1) 30-
day deep or organ-space surgical site infection, as defined by Center for Disease Control
criteria; 2) intraoperative transfusion requirement, defined as units of red blood cells
transfused; 3) duration of hospitalization; and, 4) readmission within a month of surgery.
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Background

In recent decades, intraoperative mortality has decreased by a factor-of-ten, even
though we now care for much sicker and older patients.” Preventable anesthetic-related
intraoperative mortality is now so rare that it is hard to quantify.? Postoperative mortality,
in contrast, remains substantial. Overall 30-day postoperative mortality is about 1% in the
United States, and about 2% amongst inpatients (outpatients die much less frequently).34
To put this mortality in perspective, if the postoperative period were considered a disease,
it would represent the third leading cause of death in the United States.® Roughly a quarter
of all 30-day postoperative deaths are cardiovascular, or consequent to cardiovascular
events — with myocardial injury being by far the most common.®

Worldwide, 8% of surgical inpatients >45 years of age have a postoperative
myocardial injury as defined by a troponin elevation that is due to an ischemic etiology,
with only 22% of these events fulfilling the diagnostic criteria of the universal definition of
myocardial infarction.” Only 7% of patients experiencing a perioperative myocardial
infarction will have chest pain, and 65% are entirely clinically silent which means that they
will go undetected without routine troponin screening.®-°

It is tempting to dismiss asymptomatic biomarker elevation as “troponitis” and
assume that it is inconsequential; however, this would be a mistake because 30-day
mortality in patients with elevated postoperative troponin is significantly and substantially
increased with and without symptoms.'® The term Myocardial Injury after Non-cardiac
Surgery (MINS) recognizes that troponin elevations without a non-ischemic explanation
(e.g., sepsis, pulmonary embolus) are clinically important — even in patients whose
symptoms and signs do not meet the formal definition of a myocardial infarction."

Mortality at 30 days in patients with MINS is a concerning 10%, which represents
a five-fold increase from background risk. Mortality increases exponentially as a function
of peak postoperative troponin concentration, ranging from 9% for fourth-generation
troponin T plasma concentrations of 0.03-0.29 ng/ml to 17% for concentrations >0.3 ng/ml.
Moreover, it is not just mortality that is increased: a composite of nonfatal cardiac arrest,
congestive heart failure, stroke, and death occurred at a rate of 2.4% in patients without
MINS and 18.8% amongst those with MINS, a factor-of-eight increase.’® The
corresponding thresholds for generation five, high-sensitivity troponin T are =220 ng/L with
at least a 5 ng/L increase from baseline, or troponin =265 ng/L with or without an increase
from baseline. When postoperative troponin concentrations are between 65 and 1,000
ng/L, mortality is increased 70-fold.”

It is thus reasonable to ask what perioperative factors might contribute to MINS.
Among the likely candidates is hypothermia. Moderate perioperative hypothermia
(e.g., 34.5°C) has been shown to cause surgical site infection,'? coagulopathy,’® reduced
drug metabolism,’#'® prolonged postoperative recovery,’ and thermal discomfort.'®
Thermoregulatory vasoconstriction, a response to hypothermia, increases systemic
vascular resistance and consequently causes hypertension.’® When combined with
thermal discomfort and shivering, hypothermia also causes tachycardia.



February 01, 2021

Among the major complications of hypothermia, myocardial outcomes are least
well established. A recent observational analysis suggests an association between SCIP-
10 compliance on temperature and cardiovascular outcomes.?® A single-center
randomized trial of 300 patients evaluated cardiac outcomes, and the study was seriously
under-powered.?! For example, only two hypothermic patients had a cardiac arrest and
one had a myocardial infarction versus none in the normothermic group (36.7°C). Ten
hypothermic patients experienced cardiovascular events versus two in normothermic
patients. These fragile results, based on fewer than ten outcome events, are nearly as
likely to be wrong as right,?? and a poor basis for health policy. The other relevant study
had only 100 patients and was thus even more fragile.?

An additional limitation of Frank et al?' is that diagnosis was primarily based on
Holter ECG finding rather than troponin concentrations which are much more sensitive.
Consequently, the overall myocardial infarction rate was <1% where the true rate is no
less than 10% in vascular surgery patients. It is highly questionable whether any
conclusion about hypothermia and myocardial outcomes can be derived from a study that
missed 90% of the presumed myocardial events. The only other relevant trial was
restricted to just 100 patients leaving it even less powered to detect clinically important
outcomes.?® There thus remains considerable doubt as to the true effect of moderate
hypothermia on cardiovascular outcomes.

An additional issue is that perioperative normothermia is often defined as a core
temperature 236°C. The difficulty is that 36°C is never a normal temperature in humans.
Even at the circadian nadir, usually about 3:00 AM, core temperature is not normally
below 36.5°C; and at about 3:00 PM, core temperature is typically about 37.5°C.2* On
average, then, normal body temperature in humans is about 37°C, not the 36°C that is
widely accepted as suitable for perioperative patients.2%-25

At any given time of day, core temperature is actively controlled by the
thermoregulatory system.?® In other words, circadian temperature changes are not
passive responses to environmental perturbations — which suggests that humans
function best at temperature near 37°C. Consistent with this theory, randomized trials
have shown that mild perioperative hypothermia causes coagulapathy,’*?” increased
blood transfusion,'327 surgical site infection,'? delayed drug metabolism, %1628 prolonged
recovery,'” and prolongs the duration of hospitalization.?

We therefore propose to test the hypothesis that aggressive warming to >37°C
core temperature, versus typical thermal management (=35.5°C) prevents major adverse
cardiac events, defined as 30-day myocardial injury (troponin elevation), non-fatal cardiac
arrest, and all-cause mortality. Secondary outcomes will include infection, transfusion,
duration of hospitalization, and hospital re-admission within 30 days.
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Methods

This will be a multicenter, international, randomized clinical trial. The trial will be
coordinated by the department of OuTCOMES RESEARCH in Cleveland Clinic, Ohio, USA.
About 200 people will be enrolled at the Cleveland Clinic. About 5,058 patients will
participate at about ten Chinese hospitals.

Inclusion Criteria

Consenting patients will be eligible if they are:

Scheduled for major noncardiac surgery expected to last 2-6 hours;
Having general anesthesia;

Expected to require at least overnight hospitalization;

Expected to have >50% of the anterior skin surface available for warming;
Age over 45 years;

Have at least one of the following risk factors:

Age over 65 years;

History of peripheral arterial surgery;

History of coronary artery disease;

History of stroke or transient ischemic attack;

Serum creatinine >175 ymal/L (>2.0 mg/dl);

Diabetes requiring medication;

Hypertension requiring medication;

Current smoking.
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Exclusion Criteria

Patients will be ineligible if they:

1. Have a clinically important coagulopathy in the judgement of the attending
anesthesiologist;

Are septic (clinical diagnosis by the attending anesthesiologist);

Body mass index exceeding 30 kg/m?;

End-stage renal disease requiring dialysis;

Surgeon believes patient to be at particular infection risk.

aokrown

Protocol

Patients will be randomized 1:1, stratified by site, with random-sized blocks.
Investigators will access a web-based site about an hour before surgery is expected to
start, after consent is obtained. Allocation will thus remain concealed until the last
practical moment.

The treatments will be: 1)routine thermal management with rescue
intraoperative forced-air warming to prevent core temperature from decreasing to less
than 35.5°C; or, 2) aggressive warming to a target intraoperative core temperature
237°C. Patients will not be told to which group they are assigned.

6



February 01, 2021

Patients assigned to routine thermal management will not be pre-warmed and
ambient intraoperative temperature will be maintained near 20°C per routine. Only
transfused blood will be warmed. An upper- or lower-body forced-air cover will be
positioned over an appropriate non-operative site, but will not initially be activated. Should
core temperature decrease to 35.5°C, the warmer will be activated as necessary to
prevent core temperature from decreasing further.

Patients assigned to aggressive warming will be pre-warmed with a full-body
forced-air cover for =30 minutes before induction of anesthesia. The warmer will initially
be set to “high” which corresponds to =43°C. It will subsequently adjusted to make
patients feel warm, but not uncomfortably so. Patients will be aggressively warmed during
surgery to a target intraoperative core temperature between 37 and 37.5°C, using two
forced-air covers when clinically practical. All intravenous fluids will be warmed to body
temperature. There is no need to control ambient temperature since ambient temperature
has little effect on core temperature in patients warmed with forced air (Pei, et al.
unpublished).

In nearly all countries except the United States, this approach can be considered
a randomization to routine care versus extra warming.?® Numerous randomized trials
demonstrate that pre-warming ameliorates redistribution hypothermia3°-3¢ which is
otherwise the major cause of hypothermia during the initial hour of general®” or neuraxial38
anesthesia. About 30 minutes of pre-warming is needed for a clinically important benefit.3°
Fluid warming does not warm patients, but infusion of unwarmed fluids decreases body
heat content and core temperature.*°

Measurements

Baseline demographic and morphometric characteristics will be recorded,
including height, weight, and sex. Cardiovascular risks will be recorded, including
hypertension requiring treatment, diabetes requiring oral medications or insulin, end-
stage renal disease requiring dialysis, history of previous myocardial infarction,
congestive heart failure, chronic obstructive pulmonary disease, and smoking status.
Cardiovascular medications will be similarly recorded, including beta blockers,
angiotensin converting enzyme inhibitors, angiotensin receptor blockers, and statins.

Type of surgery will be characterized as orthopedic, laparoscopic, open abdominal,
neurosurgical (including spine), and other. Timing will be characterized as elective, urgent,
or emergent. To characterize the risk of surgical site infection, we will record whether the
operation involved colon resection, rectal resection, other abdominal surgery, and
whether the wound was contaminated or dirty-infected.

Intraoperative core temperature will be measured in the distal esophagus,
nasopharynx (10-20 cm past the nares), or pulmonary artery. Temperature will be
recorded at 15-minute intervals throughout surgery. Mean-arterial pressure and heart rate
will also be recorded at 15-minute intervals throughout surgery. Mean arterial pressure
and heart rate will also be recorded at 15-minute intervals for the initial postoperative hour.
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It will be impossible to blind patients to prewarming and intraoperative clinicians
and investigators to group assignment. However, all postoperative measurements will be
made by investigators who are unaware of patients’ group assignment and intraoperative
management. The study will thus be assessor blinded. To maintain blinding, the
anesthesia record will be sealed in an opaque envelope before patients leave the post-
anesthesia care unit. The envelope will be marked “Do not open until [date 35 days after
surgery].” Some hospitals will have electronic records; in those cases, we will ask
investigators evaluating postoperative outcomes not to access the anesthesia record.

Blood for generation 4 or 5 troponin T, or troponin I(per clinical routine) will be
recorded preoperatively up to 2 weeks prior to day of surgery, and on the first two
postoperative days so long as patients remain hospitalized.” Troponin samples will also
be obtained if patients have shortness of breath or experience chest, neck, or arm pain.
Blood troponin concentrations exceeding site thresholds (depending on individual types
of troponin tests) should prompt cardiology consultation, an electrocardiogram, and if
possible, and echocardiogram. Hemoglobin will also be obtained on the first postoperative
morning. Other preoperative laboratory values and relevant testing will be recorded if
available (but are not required per protocol), including hemoglobin, creatinine, and blood
troponin concentrations after the mandated initial two postoperative days.

Quality-of-recovery 15 will be assessed on the third postoperative day in person or
by phone in patients already discharged.#' A Chinese version of the Quality-of-recovery
instrument has been validated.*? If discharged patients cannot be reached on the third
postoperative day, attempts will be made on the fourth postoperative day. Patients will
also be evaluated for various outcomes on the day of hospital discharge and 30 days
after surgery, with a +5-day window. That is, attempts to contact patients will begin about
day 30 and continue through postoperative day 35. The study will be censored at day 30,
even if patients remain hospitalized.

The primary outcome will be a composite of myocardial injury after non-cardiac
surgery (MINS), non-fatal cardiac arrest, and all-cause mortality within 30 days of surgery.
Myocardial injury will be diagnosed by objective screening based on preoperative and
first two postoperative day troponin values crossing site specific thresholds for MINS so
long as patients remain hospitalized. Abnormal troponin concentrations will be evaluated
as clinically indicated with ECG, echocardiography, and clinical symptoms; the resulting
values will be recorded, as will other cardiovascular interventions such as angioplasty.
MINS will be diagnosed by troponin exceeding individual sites thresholds apparently of
ischemic origin (e.g., no other obvious cause for artifactual elevation). Myocardial
infarction will also be centrally adjudicated and require both MINS and at least one
symptom (e.g., chest pain or shortness of breath) or sign (e.g. ECG or echocardiogram
abnormality).

We will consider all patients who had an elevated serum troponin concentration
anytime during the first 30 days after surgery and determine the presence of any ischemic
features (i.e., whether patients fulfilled the universal definition of myocardial infarction),4?
whether there was a non-ischemic etiology that could explain the elevated troponin
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measurement, and whether the myocardial injury appears to have occurred during or after
surgery (i.e., no evidence to support it was due to a preoperative event).

Myocardial injury will be considered when a postoperative troponin concentration
is elevated and believed to be consequent to myocardial ischemia. The thresholds differ
depending on the assay generation and type. We will use the following thresholds based
on available literature:

1. non-high-sensitivity (fourth-generation) troponin T 20.03 ng/ml;

2. high-sensitivity troponin T 265 ng/L; or high-sensitivity troponin T 20-64 ng/L and
an increase =5 ng/L from baseline;
high-sensitivity troponin | (Abbott assay) is 275 ng/L4*;
high-sensitivity troponin | (Siemens assay) is 260 ng/L (Borges, unpublished);
troponin | (other assays) is at least twice local 99t percentiles;
an increase of at least 20% in patients who have preoperative high-sensitivity
troponin concentrations that exceed 80% of the relevant thresholds in items 2-5.

I

For patients with a chronic elevation or an acute myocardial injury before surgery,
a new myocardial injury after surgery requires identification of a new elevated troponin
after surgery as per points 1-5 above, and the troponin elevation must be a 20% rise
beyond the chronic troponin value or beyond the last measurement of the acute
preoperative myocardial injury that was clearly demonstrated to have peaked and was
coming down. Patients meeting diagnostic criteria for MINS will be evaluated for
myocardial infarction with EKG and ECHO with cardiac consultation, which will help us
detect all infarctions and increase the baseline incidence.

Secondary outcomes will include:
1) 30-day deep or organ-space surgical site infection, as defined by Center for
Disease Control criteria®;
2) Intraoperative transfusion requirement, defined as units of red blood cells
transfused;
3) Duration of hospitalization (censored at 30 days);
4) Readmission within a month of surgery;

Exploratory outcomes will be:

1) Estimated intraoperative blood loss;

2) The change in blood hemoglobin from preoperatively to the first
postoperative morning;

3) 30-day superficial surgical site infection;

4) Quality-of-recovery 15 on the third postoperative day in person or by phone
in patients already discharged;*!

5) 30-day myocardial infarction meeting requirements of the Third Universal
Definition.*3

*Definitions of surgical site infections, modified from 1990 CDC criteria:
http://www.cdc.gov/hicpac/SSl/table1-SSI.html.

1. Superficial infection
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Infection involves only skin or subcutaneous tissue of the incision and at
least one of the following:

e Purulent drainage from the superficial incision.

¢ Organisms isolated from culture of fluid or tissue from the superficial
incision.

e At least one of the following signs or symptoms of infection: pain or
tenderness, localized swelling, redness, or heat and superficial incision is
deliberately opened by surgeon, unless incision is culture-negative.

e Diagnosis of superficial incisional SSI by the surgeon or attending physician.

2. Deep infection
Infection appears to be related to the operation and infection involves deep
soft tissues (e.g., fascial and muscle layers) of the incision and at least one
of the following:

e Purulent drainage from the deep incision but not from the organ/space
component of the surgical site.

e A deep incision spontaneously dehisces or is deliberately opened by a
surgeon when the patient has at least one of the following signs or
symptoms: fever (>38°C), localized pain, or tenderness, unless site is
culture-negative.

e An abscess or other evidence of infection involving the deep incision is
found on direct examination, during reoperation, or by histopathologic or
radiologic examination.

e Diagnosis of a deep incisional SSI by a surgeon or attending physician.

3. Organ-space infection
Infection involves any part of the anatomy (e.g., organs or spaces), other
than the incision, which was opened or manipulated during an
operationst@nd at least one of the following:

e Purulent drainage from a drain that is placed through a stab woundt into the
organ/space.

e Organisms isolated from an aseptically obtained culture of fluid or tissue in
the organ/space.

e An abscess or other evidence of infection involving the organ/space that is
found on direct examination, during reoperation, or by histopathologic or
radiologic examination.

e Diagnosis of an organ/space SSI by a surgeon or attending physician.

Outcomes will be centrally adjudicated by investigators blinded to randomization
and intraoperative core temperatures.

Data will be recorded on case-report forms and directly entered via a web site into
a secure REDCap database (i.e., with a tablet computer). All HIPAA rules will be followed;
no identified data from remote sites will be entered into REDCap, and no Clinic data will
be sent elsewhere. We will request a copy of the anesthesia record, redacted for

10
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protected health information, for auditing purposes. Similarly, we will request redacted
copies of key lab tests and records related to defined outcomes.

Statistical Plan

Reported temperatures will include time-weighted average, minimum, and final
intraoperative core temperatures.

Analyses will be modified intent-to-treat, including all randomized patients who
received treatment (i.e., patients randomized but not receiving treatment will not be
included in any analyses). Randomized groups will be compared on baseline and
demographic characteristics using absolute standardized difference, defined as the
absolute difference in means, mean ranks, or proportions divided by the pooled standard
deviation. All analyses will adjust for any imbalanced baseline characteristics between
randomized groups, defined as the maximum of 0.10 and absolute standardized

difference > 1.96 x /i + i.
ny n;

Missing outcomes will be imputed using an appropriate method, after examining
the missing mechanism and drop-out rates. If less than 5% of data are missing, we will
assign worst outcome to the active treatment group and best outcome to the control group
for patients missing all records of MINS, non-fatal cardiac arrest and mortality; we will
apply the last observation carried forward (LOCF) method for patients missing 30-day
follow-up data but having discharge assessment. If missing is 5~20%, we will use the
multiple imputation method.

Primary analysis

We will assess the effect of warming strategy on the binary-event composite of
myocardial injury, non-fatal cardiac arrest, and all-cause mortality within 30 days of
surgery, using a multivariate generalized estimating equations (GEE) method.*445 A
common effect GEE test with an unstructured working correlation matrix will be performed,
assuming that each component is similarly affected by intervention. The treatment-by-
component interaction will be examined in a separate distinct effects GEE model to
assess the heterogeneity of the treatment effect across outcomes.

Secondly, we will estimate the average relative effect of aggressive warming
across the three categories of complications, using a GEE ‘distinct effects’ model with an
unstructured working correlation matrix. This method is not driven by component with the
highest frequency but may have a lower power compared to common effects model
because one complication has a lower expected incidence. Regardless of the existence
of the interaction, we will report the treatment effect of aggressive warming for each
complication. The significance criterion will be 0.017 for each association (i.e., 0.05/3,
Bonferroni).

Secondary analyses

11
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The effect of warming strategy on collapsed composite of 30-day deep or organ-
space surgical site infection and readmission within a month of surgery will be assessed
using separate chi-square tests or multivariable logistic regression models, as appropriate.

The effect of warming strategy on the intraoperative transfusion requirement,
defined as units of red blood cells transfused, will be assessed using a multivariable
Poisson or negative binomial regression model, as appropriate.

Finally, the effect of warming strategy on time to discharge alive will be assessed
using a Cox proportional hazards regression model. Patients who died before discharge
will be assigned a censoring time equal to the longest observed duration of hospitalization.

To assess the robustness of our primary analysis, we will conduct per-protocol
analysis for primary outcome by analyzing the subset of patients who completed the
treatment originally allocated and without missing outcome data. This analysis is
expected to be biased in favor of the preferred treatment and therefore no inference will
be made about results.

Exploratory analyses

Groups will be compared on estimated intraoperative blood loss; the change in
blood hemoglobin from preoperatively until the first postoperative morning, adjusted for
interim transfusions; and quality-of-recovery 15 on the third postoperative day. We will
use multivariable linear regression models, adjusted for potential confounders. The effect
of warming strategy on 30-day superficial surgical site infection and myocardial infarction
will be assessed using a chi-square test or multivariable logistic regression model.

Moreover, the association between the time-weighted intraoperative core
temperature and the primary outcome will be assessed using a multivariable logistics
regression model, adjusted for all potential confounders.

We will use an overall alpha of 0.05 for each of the primary, secondary, and tertiary
analyses. Specifically, the significance criterion is 0.05 for primary analysis, 0.0125 for
each secondary analysis (i.e., 0.05/4, Bonferroni). Holm-Bonferroni correction will be
used for the exploratory analysis.

Sample-size Estimate

Amongst 10,000 patients enrolled in POISE-2, 8,449 met the inclusion criteria
proposed for PROTECT. The incidence of MINS, nonfatal cardiac arrest, and total
mortality within 30 days post-operatively were 10%, 0.1% and 1% respectively.4647
These studies were largely conducted outside the United States and we can thus assume
that most patients were either unwarmed or inadequately warmed. We will thus assume
that patients assigned to routine management will have a similar incidence of our
composite outcome.

A total of 4000 patients will give a power of 0.9 at the 0.05 significance level to
detect a 30% or more relative reduction in the primary outcomes, comparing routine

12
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thermal management group to aggressive warming group. Sample size was calculated
for common effect GEE model with unstructured covariance matrix, assuming a
correlation of 0.1 between outcomes. We estimated sample size using the MULTBINPOW
SAS macro [Mascha EJ Power Calculation for Tests on a Vector of Binary Outcomes],
which can estimate the power for multivariate GEE model given varying correlation and
sample size.

After accounting for interim analysis at each 25% of the maximum enrollment
(3 interim analyses and a final analysis, as needed), a maximum of 4802 patients would
be needed (2401 per group) for the analysis.

For the primary analysis, we will use a group sequential design with a nonbinding
beta boundary, employing a gamma spending function with parameter gamma of -4 for
efficacy and O for futility, thus spending beta (for futility monitoring) considerably faster
than alpha (for efficacy monitoring). Boundaries for efficacy (futility in parentheses) at the
each interim and final analyses are P <0.001 (P > 0.880), P <0.005 (P > 0.525), P <
0.014 (P > 0.169), and P < 0.044 (P > 0.044), respectively, based on an anticipated 30%
treatment effect. Figure 1 shows the z-statistic boundaries for efficacy and futility at each
interim look.

13
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Figure 1. Group sequential boundaries for efficacy (bottom, dark blue), harm (top, dark
blue) and futility (light blue) assuming 4 possible looks (3 interim and final). Y-axis is the
standardized treatment effect (difference in proportions / standard error of difference). X-
axis depicts cumulative proportion of total sample size over time. The standardized Z
values corresponding to the boundaries is presenting in the table below. A sample size of
4802 in total is needed, assuming 4000 in fixed sample design, 90% power and alpha=0.05.
SAS version 9.4 or higher (SAS Institute, Cary, NC, USA) and R software version 3.2.1 or
higher (R Project for Statistical Computing, Vienna, Austria) will be used for the analyses.

Table 1 provides the probabilities of stopping the trial for the underlying true
treatment effect. Alternative (30% risk reduction), half-way between Null and Alternative
and 1.5 times the alternative effect. For example, if the alternative hypothesis were true,
the cumulative probability of crossing either efficacy or futility boundary at the 1st, 2nd, 31
and 4" looks would be 0.109, 0.437, 0.812 and 1 respectively.
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Table 1. Expected Cumulative Stopping Probabilities.

Effect Expected Stopping Probabilities

Stopping Stage  ggage 1 Stage 2 Stage 3 Stage 4
Null 2.48 0.121 0.526 0.872 1.000
% Null, Alt 2.89 0.093 0.345 0.675 1.000
Alternative 2.64 0.109 0.437 0.812 1.000
Alt X 1.5 1.86 0.315 0.836 0.988 1.000

In addition to the planned 4,802 patients, we will enroll an additional 250 patients
to accounting for an expected maximum 5% dropout rate (lost to follow-up and failure to
receive any treatment). Therefore, we anticipate to enroll a maximum of 5,052 patients
in total. We also plan six pilot patients at each study site to confirm feasibility before
beginning to randomize subjects.

Adaptive Design Option

Since assumptions of primary outcome incidence and effect size our only estimates,
we consider an adaptive design with the possibility of increasing the sample size in case
the risk reduction is small. Our adaptive method for modifying the sequential design is
based on the principle that we can protect the overall type | error rate by preserving
conditional rejection probability of the remaining portion of the trial.* The new sample
size of adaptive extension design will be calculated by formulae shown in Gao et al,*° to
raise the estimate of conditional power from its current value to a new target. Hypothesis
testing will be done by comparing the final Z statistics to a new critical value satisfies
conditional rejection probability principle.

Specifically, we will consider an adaptive extension at the third interim analysis
(n=3,601) with no early stopping either for efficacy or futility. The conditional power will
be calculated from accruing data and pre-planned sample size. If the conditional power
is within a promising zone from 0.4 to 0.8, we will plan for increasing the sample size to
repower the trial. The smallest treatment effect we would consider in the adaptive design
is 15% reduction in the composite outcome. The effect size from the accrued unblinding
data will be used for planning adaptive design. The magnitude of the sample size increase
will be determined by requiring the target conditional power to be 0.9, subject to a cap of
10,000 randomized patients.

For statistical inference on adaptive group sequential design, we will implement the
method described in Gao and colleagues.® By transforming the event obtained in the
adaptive trial into an equivalent event that might have been obtained in the original trial
without adaptation, we can compute the overall p-value, the confidence interval and the
median-unbiased point estimate for the treatment effect, combining the results from all
stages (pre and post adaptation). If the adaptation is followed by a single stage analysis,
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the confidence interval and the median unbiased point estimate are available in closed
form. Otherwise, the R package AGSDest [Niklas Hack and Werner Brannath, 2015] will
be used for the analysis.

Decisions on an adaptive extension of the trial will be done in conjunction with the
statistician(s) and the study executive committee, and without unblinding site
investigators as to the actual treatment effect observed on the intervention for which the
extension is planned. If, for product or budgetary reasons, sponsor participation is
required in the adaptive decision-making, then a sponsor member may participate in the
study executive committee discussion of the adaptive design under the condition that
specifics of interim results would not be shared with the rest of the sponsoring
institution(s) or anyone outside of the deliberating group. Trial results for an intervention
for which there is an adaptive extension will not be made public or published in any
fashion until the adaptive portion of the study is also complete.

Significance

Hypothermia has been proposed as a cause of morbid myocardial outcomes. But
whether very mild hypothermia (i.e., 0.5°C) provokes myocardial complications has yet to
be convincingly demonstrated because both existing studies are seriously under-powered,
with fragile results based on fewer than ten outcome events. The proposed large trial will
determine whether the results of the single existing under-powered trial are valid.

Mild hypothermia remains common in nearly every country except the United
States. Unwarmed patients having major surgery typically have final core intraoperative
temperatures near 34.5°C. Inadequately warmed surgical patients are typically near
35.5°C at the end of surgery. Even in the United States, many surgical patients have final
intraoperative core temperatures near 35.5°C. More serious core hypothermia
(i.e., 34.5°C) has been shown to provoke major complications, especially bleeding and
surgical wound infections. Whether aggressive warming to a truly normothermic
temperature (e.g., 37°C) is preferable to routine management remains unknown.

Limitations

Validity of the trial depends critically on achieving the target temperatures. There
is little doubt that most unwarmed patients having major surgery will decrease to a core
temperature near 35.5°C in a cool ambient environment. More challenging will be
reaching a core temperature between 37 and 37.5°C by the end of surgery. Even with
pre-warming, a high ambient temperature, and aggressive forced-air warming, core
temperatures in some patients may not exceed 37°C by the end of surgery. Realistically,
we hope to have at least 1°C difference in final intraoperative core temperature across
the study population. Smaller differences are unlikely to cause outcome differences and
would cause the study to fail on technical grounds.
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It will be impossible to blind the preoperative and intra-operative teams to thermal
management. Similarly, patients will know that they were pre-warmed, although they will
not be told to which group they were assigned or what they might expect as a
consequence. The primary outcome (a composite of myocardial injury, non-fatal cardiac
arrest, and all-cause mortality) is objective and unlikely to be influenced by patient
perception of warming. Most of the secondary outcomes are also objective or unlikely to
be influenced by lack of blinding.

Human Subjects

Based on an early recommendation,®' a final core temperature of 236°C is widely
considered “normothermic” and has been incorporated into various guidelines. For
example, the Surgical Care Improvement Project (recommendation #10) suggested a
final intraoperative temperature or 36°C and/or use of active over-body warming whether
or not core temperature reached 36°C.2° Curiously, the American Society of
Anesthesiologist does not have a standard for maintenance of core temperature. Perhaps
as a consequence, many — but hardly all®?> — surgical patients are actively warmed in
the United States. Warming is relatively uncommon even in other western countries.?® In
developing countries, few patients are actively warmed. For example, a 2015 cross-
sectional survey of Beijing hospitals found that only 11% of surgical patients were actively
warmed, and that more than a third of all patients having operations lasting at least 2
hours were hypothermic at the end of surgery.53

Recommendations to warm surgical patients are based on many randomized trials
have shown that moderate hypothermia (=34.5°C) causes complications relative to
=36.5°C. For example, mild perioperative hypothermia causes surgical site infection,'?
promotes coagulopathy,’® and prolongs postoperative recovery.' Among these
complications, coagulopathy is by far the best documented in many individual studies and
a meta-analysis."® As little as 1°C hypothermia detectably increases surgical blood loss.
But whether smaller temperature differences matter is less obvious. The only study to
ever demonstrate an outcome difference from just 0.5°C of hypothermia showed a slight
increase in blood loss, with no significant difference in transfusion requirements.%
Consequently, 0.5°C is widely used as the non-inferiority “delta” in trials of warming
systems®® and validations for clinical thermometers.®® Not a single outcome study has
evaluated perioperative temperatures of 37°C or greater.

There is thus little evidence to support 36°C as the optimal perioperative target
temperature. A slightly lower temperature such as 35.5°C may be equally safe, or a higher
temperature might be better. It would be well worth knowing if 35.5°C is safe because
that temperature can often be maintained without the cost and effort of active warming
— at least in patients having small operations in a warm operating room. In contrast,
reliably warming patients to =37°C usually requires 30 minutes of pre-warming, two
intraoperative forced-air warming covers, and a fluid warmer. (Intraoperative core
temperature using a single intraoperative forced-air cover, the conventional approach,
averages only 36°C.%7) Thus while it is possible to warm most patients to 237°C, doing so
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requires investing the time and cost of pre-warming, along with the cost of two
intraoperative forced-air warming covers and a fluid warmer.

The added time, cost, and difficulty of maintaining intraoperative core temperature
=237°C would be well worth investing if it reduced major complications, especially
myocardial injury. But whether it does currently remains unknown. We propose to
compare an inexpensive (or cost-free) approach that might be equally safe with a more
expensive approach that potentially disrupts clinical routine but might reduce
complications. Because the outcome of the trial is impossible to predict, there is thus full
equipoise between the two temperature management strategies that we will evaluate.

Patients who meet inclusion criteria will be approached about participating by site-
specific study personnel. In recognition of cultural differences between China and the
United States with respect to medical decision-making®® investigators will be encouraged
to allow the patient to participate in the informed consent process to the extent that he/she
wishes, and will utilize a legally authorized representative should the patient prefer family-
based consent.’

Time Line

Study Procedure Screening Day of POD 1 POD 2° POD 3¢ Discharge® POD
Surgery 30¢
Informed consent X
Inclusion/exclusion criteria X X
Hemoglobin xa xa X xa xa
_(.‘: Creatinine Xa
- Troponin X Xa X X Xa
ECG Xa xa xa Xa xa xa xa
7]
(0]
3 ECHO Xa Xa Xa Xa Xa Xa Xa
(0]
(&)
e Cardiac Xa xa Xa Xa xa xa
o Catheterization
Intraoperative Data X
Cardiovascular X X X X X
morbidity/mortality survey
QOR15 Xb
Surgical Site Infection survey X X

1 Council for International Organizations of Medical Sciences (CIOMS) (2002). Commentary on Guideline 4
(Individual Informed Consent), Cultural considerations. International Ethical Guidelines for Biomedical
Research Involving Human Subjects. http://www.cioms.ch/frame guidelines nov 2002.htm.
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a: If available

b: If patient is not reachable on day 3, survey can be completed on day 4

c: If patient is discharged on postoperative days 1-3, complete forms for postoperative day and discharge
d: If patient is not reachable on day 30, attempt to contact for consecutive 5 days

e: Complete if patient is still in hospital



February 01, 2021

10.

11.

12.

13.

References

Lienhart A, Auroy Y, Pequignot F, Benhamou D, Warszawski J, Bovet M, Jougla E: Survey of
anesthesia-related mortality in France. Anesthesiology 2006; 105: 1087-97

Li G, Warner M, Lang BH, Huang L, Sun LS: Epidemiology of anesthesia-related mortality in the
United States, 1999-2005. Anesthesiology 2009; 110: 759-65

Henderson WG, Khuri SF, Mosca C, Fink AS, Hutter MM, Neumayer LA: Comparison of risk-
adjusted 30-day postoperative mortality and morbidity in Department of Veterans Affairs hospitals
and selected university medical centers: general surgical operations in men. J Am Coll Surg 2007;
204: 1103-14

Semel ME, Lipsitz SR, Funk LM, Bader AM, Weiser TG, Gawande AA: Rates and patterns of death
after surgery in the United States, 1996 and 2006. Surgery 2012; 151: 171-82

Bartels K, Karhausen J, Clambey ET, Grenz A, Eltzschig HK: Perioperative organ injury.
Anesthesiology 2013; 119: 1474-89

Devereaux PJ, Sessler DI: Cardiac complications in patients undergoing major noncardiac surgery.
N Engl J Med 2015; 373: 2258-69

Writing Committee for the Vision Study Investigators, Devereaux PJ, Biccard BM, Sigamani A,
Xavier D, Chan MTV, Srinathan SK, Walsh M, Abraham V, Pearse R, Wang CY, Sessler DI, Kurz
A, Szczeklik W, Berwanger O, Villar JC, Malaga G, Garg AX, Chow CK, Ackland G, Patel A, Borges
FK, Belley-Cote EP, Duceppe E, Spence J, Tandon V, Wiliams C, Sapsford RJ, Polanczyk CA,
Tiboni M, Alonso-Coello P, Faruqui A, Heels-Ansdell D, Lamy A, Whitlock R, LeManach Y,
Roshanov PS, McGillion M, Kavsak P, McQueen MJ, Thabane L, Rodseth RN, Buse GAL,
Bhandari M, Garutti |, Jacka MJ, Schunemann HJ, Cortes OL, Coriat P, Dvirnik N, Botto F, Pettit S,
Jaffe AS, Guyatt GH: Association of postoperative high-sensitivity troponin levels with myocardial
injury and 30-day mortality among patients undergoing noncardiac surgery. JAMA 2017; 317: 1642-
51

Devereaux PJ, Goldman L, Yusuf S, Gilbert K, Leslie K, Guyatt GH: Surveillance and prevention
of major perioperative ischemic cardiac events in patients undergoing noncardiac surgery: a review.
CMAJ 2005; 173: 779-88

Devereaux PJ, Xavier D, Pogue J, Guyatt G, Sigamani A, Garutti I, Leslie K, Rao-Melacini P,
Chrolavicius S, Yang H, Macdonald C, Avezum A, Lanthier L, Hu W, Yusuf S: Characteristics and
short-term prognosis of perioperative myocardial infarction in patients undergoing noncardiac
surgery: a cohort study. Ann Intern Med 2011; 154: 523-8

The Vascular Events In Noncardiac Surgery Patients Cohort Evaluation (VISION) Study
Investigators: Association between postoperative troponin levels and 30-day mortality among
patients undergoing noncardiac surgery. JAMA 2012; 307: 2295-304

The Vascular events In noncardiac Surgery patlents cOhort evaluatioN (VISION) Investigators:
Myocardial injury after noncardiac surgery: A large, international, prospective cohort study
establishing diagnostic criteria, characteristics, predictors, and 30-day outcomes. Anesthesiology
2014; 120: 564-78

Kurz A, Sessler DI, Lenhardt RA, Study of wound infections and temperature group: Perioperative
normothermia to reduce the incidence of surgical-wound infection and shorten hospitalization. N
Engl J Med 1996; 334: 1209-15

Rajagopalan S, Mascha E, Na J, Sessler DI: The effects of mild perioperative hypothermia on blood
loss and transfusion requirement: a meta-analysis. Anesthesiology 2008; 108: 71-7

20



February 01, 2021

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

20.

30.

Leslie K, Sessler DI, Bjorksten AR, Moayeri A: Mild hypothermia alters propofol pharmacokinetics
and increases the duration of action of atracurium. Anesth Analg 1995; 80: 1007-14

Heier T, Clough D, Wright PM, Sharma ML, Sessler DI, Caldwell JE: The influence of mild
hypothermia on the pharmacokinetics and time course of action of neostigmine in anesthetized
volunteers. Anesthesiology 2002; 97: 90-5

Heier T, Caldwell JE, Sessler DI, Miller RD: Mild intraoperative hypothermia increases duration of
action and spontaneous recovery of vecuronium blockade during nitrous oxide-isoflurane
anesthesia in humans. Anesthesiology 1991; 74: 815-9

Lenhardt R, Marker E, Goll V, Tschernich H, Kurz A, Sessler DI, Narzt E, Lackner F: Mild
intraoperative hypothermia prolongs postanesthetic recovery. Anesthesiology 1997; 87: 1318-23

Kurz A, Sessler DI, Narzt E, Bakar A, Lenhardt R, Huemer G: Postoperative hemodynamic and
thermoregulatory consequences of intraoperative core hypothermia. J Clin Anesth 1995; 7: 359-66

Greif R, Laciny S, Rajek A, Doufas AG, Sessler DI: Blood pressure response to thermoregulatory
vasoconstriction during isoflurane and desflurane anesthesia. Acta Anaesthesiol Scand 2003; 47:
847-52

Scott AV, Stonemetz JL, Wasey JO, Johnson DJ, Rivers RJ, Koch CG, Frank SM: Compliance with
Surgical Care Improvement Project for body temperature management (SCIP Inf-10) Is associated
with improved clinical outcomes. Anesthesiology 2015; 123: 116-25

Frank SM, Fleisher LA, Breslow MJ, Higgins MS, Olson KF, Kelly S, Beattie C: Perioperative
maintenance of normothermia reduces the incidence of morbid cardiac events: A randomized
clinical trial. JAMA 1997; 277: 1127-34

loannidis JP: Contradicted and initially stronger effects in highly cited clinical research. JAMA 2005;
294: 218-28

Elmore JR, Franklin DP, Youkey JR, Oren JW, Frey CM: Normothermia is protective during
infrarenal aortic surgery. J Vasc Surg 1998; 28: 984-92

Sessler DI, Lee KA, McGuire J: Isoflurane anesthesia and circadian temperature cycles.
Anesthesiology 1991; 75: 985-9

Castren M, Silfvast T, Rubertsson S, Niskanen M, Valsson F, Wanscher M, Sunde K: Scandinavian
clinical practice guidelines for therapeutic hypothermia and post-resuscitation care after cardiac
arrest. Acta Anaesthesiol Scand 2009; 53: 280-8

Tayefeh F, Plattner O, Sessler DI, Ilkeda T, Marder D: Circadian changes in the sweating-to-
vasoconstriction interthreshold range. Pfligers Arch 1998; 435: 402-6

Schmied H, Kurz A, Sessler DI, Kozek S, Reiter A: Mild intraoperative hypothermia increases blood
loss and allogeneic transfusion requirements during total hip arthroplasty. Lancet 1996; 347: 289-
92

Heier T, Caldwell JE, Sharma ML, Gruenke LD, Miller RD: Mild intraoperative hypothermia does
not change the pharmacodynamics (concentration-effect relationship) of vecuronium in humans.
Anesth Analg 1994; 78: 973-7

Torossian A: Survey on intraoperative temperature management in Europe. Eur J Anaesthesiol
2007; 24: 668-75

Wong PF, Kumar S, Bohra A, Whetter D, Leaper DJ: Randomized clinical trial of perioperative
systemic warming in major elective abdominal surgery. Br J Surg 2007; 94: 421-6

21



February 01, 2021

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Vanni SM, Braz JR, Modolo NS, Amorim RB, Rodrigues GR, Jr.: Preoperative combined with
intraoperative skin-surface warming avoids hypothermia caused by general anesthesia and surgery.
J Clin Anesth 2003; 15: 119-25

Kim JY, Shinn H, Oh YJ, Hong YW, Kwak HJ, Kwak YL: The effect of skin surface warming during
anesthesia preparation on preventing redistribution hypothermia in the early operative period of off-
pump coronary artery bypass surgery. Eur J Cardiothorac Surg 2006; 29: 343-7

Just B, Trévien V, Delva E, Lienhart A: Prevention of intraoperative hypothermia by preoperative
skin-surface warming. Anesthesiology 1993; 79: 214-8

Hynson JM, Sessler DI, Moayeri A, McGuire J, Schroeder M: The effects of pre-induction warming
on temperature and blood pressure during propofol/nitrous oxide anesthesia. Anesthesiology 1993;
79: 219-28

Camus Y, Celva E, Sessler DI, Lienhart A: Pre-induction skin-surface warming minimizes
intraoperative core hypothermia. J Clin Anesth 1995; 7: 384-8

Bock M, Muller J, Bach A, Bohrer H, Martin E, Motsch J: Effects of preinduction and intraoperative
warming during major laparotomy. Br J Anaesth 1998; 80: 159-63.

Matsukawa T, Sessler DI, Sessler AM, Schroeder M, Ozaki M, Kurz A, Cheng C: Heat flow and
distribution during induction of general anesthesia. Anesthesiology 1995; 82: 662-73

Matsukawa T, Sessler DI, Christensen R, Ozaki M, Schroeder M: Heat flow and distribution during
epidural anesthesia. Anesthesiology 1995; 83: 961-7

Sessler DI, Schroeder M, Merrifield B, Matsukawa T, Cheng C: Optimal duration and temperature
of pre-warming. Anesthesiology 1995; 82: 674-81

Rajek A, Greif R, Sessler DI, Baumgardner J, Laciny S, Bastanmehr H: Core cooling by central-
venous infusion of 4°C and 20°C fluid: Isolation of core and peripheral thermal compartments.
Anesthesiology 2000; 93: 629-37

Stark PA, Myles PS, Burke JA: Development and psychometric evaluation of a postoperative
quality of recovery score: the QoR-15. Anesthesiology 2013; 118: 1332-40

Chan MT, Lo CC, Lok CK, Chan TW, Choi KC, Gin T: Psychometric testing of the Chinese quality
of recovery score. Anesth Analg 2008; 107: 1189-95

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD: Third Universal Definition
of Myocardial Infarction. Circulation 2012; 126: 2020-35

Mascha EJ, Imrey PB: Factors affecting power of tests for multiple binary outcomes. Stat Med
2010; 29: 2890-904

Mascha EJ, Sessler DI: Design and analysis of studies with binary-event composite endpoints.
Anesth Analg 2011; 112: 1461-71

Devereaux PJ, Mrkobrada M, Sessler DI, Leslie K, Alonso-Coello P, Kurz A, Villar JC, Sigamani A,
Biccard BM, Meyhoff CS, Parlow JL, Guyatt G, Robinson A, Garg AX, Rodseth RN, Botto F, Lurati
Buse G, Xavier D, Chan MT, Tiboni M, Cook D, Kumar PA, Forget P, Malaga G, Fleischmann E,
Amir M, Eikelboom J, Mizera R, Torres D, Wang CY, VanHelder T, Paniagua P, Berwanger O,
Srinathan S, Graham M, Pasin L, Le Manach Y, Gao P, Pogue J, Whitlock R, Lamy A, Kearon C,
Baigent C, Chow C, Pettit S, Chrolavicius S, Yusuf S, Poise-2 Investigators: Aspirin in patients
undergoing noncardiac surgery. N Engl J Med 2014; 370: 1494-503

22



February 01, 2021

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Devereaux PJ, Sessler DI, Leslie K, Kurz A, Mrkobrada M, Alonso-Coello P, Villar JC, Sigamani A,
Biccard BM, Meyhoff CS, Parlow JL, Guyatt G, Robinson A, Garg AX, Rodseth RN, Botto F, Lurati
Buse G, Xavier D, Chan MT, Tiboni M, Cook D, Kumar PA, Forget P, Malaga G, Fleischmann E,
Amir M, Eikelboom J, Mizera R, Torres D, Wang CY, Vanhelder T, Paniagua P, Berwanger O,
Srinathan S, Graham M, Pasin L, Le Manach Y, Gao P, Pogue J, Whitlock R, Lamy A, Kearon C,
Chow C, Pettit S, Chrolavicius S, Yusuf S, Poise-2 Investigators: Clonidine in patients undergoing
noncardiac surgery. N Engl J Med 2014; 370: 1504-13

Muller HH, Schafer H: Adaptive group sequential designs for clinical trials: combining the
advantages of adaptive and of classical group sequential approaches. Biometrics 2001; 57: 886-
91

Gao P, Ware JH, Mehta C: Sample size re-estimation for adaptive sequential design in clinical trials.
J Biopharm Stat 2008; 18: 1184-96

Gao P, Liu L, Mehta C: Exact inference for adaptive group sequential designs. Stat Med 2013; 32:
3991-4005

Sessler DI: A proposal for new temperature monitoring and thermal management guidelines (letter).
Anesthesiology 1998; 89: 1298-300

Weirich TL: Hypothermia/warming protocols: why are they not widely used in the OR? AORN J
2008; 87: 333-44

YiJ, Xiang Z, Deng X, Fan T, FuR, Geng W, Guo R, He N, Li C, Li L, Li M, Li T, Tian M, Wang G,
Wang L, Wang T, Wu A, Wu D, Xue X, Xu M, Yang X, Yang Z, Yuan J, Zhao Q, Zhou G, Zuo M,
Pan S, Zhan L, Yao M, Huang Y: Incidence of inadvertent intraoperative hypothermia and its risk
factors in patients undergoing general anesthesia in beijing: A prospective regional survey. PLoS
One 2015; 10: e0136136

Winkler M, Akga O, Birkenberg B, Hetz H, Scheck T, Arkilic CF, Kabon B, Marker E, Grubl A,
Czepan R, Greher M, Goll V, Gottsauner-Wolf F, Kurz A, Sessler DI: Aggressive warming reduces
blood loss during hip arthroplasty. Anesth Analg 2000; 91: 978-84

Egan C, Bernstein E, Reddy D, Ali M, Paul J, Yang D, Sessler DI: A randomized comparison of
intraoperative PerfecTemp and forced-air warming during open abdominal surgery. Anesth Analg
2011; 113: 1076-81

Eshraghi Y, Nasr V, Parra-Sanchez I, Van Duren A, Botham M, Santoscoy T, Sessler DI: An
evaluation of a zero-heat-flux cutaneous thermometer in cardiac surgical patients. Anesth Analg
2014; 119: 543-9

Sun Z, Honar H, Sessler DI, Dalton JE, Yang D, Panjasawatwong K, Deroee AF, Salmasi V, Saager
L, Kurz A: Intraoperative core temperature patterns, transfusion requirement, and hospital duration
in patients warmed with forced air. Anesthesiology 2015; 122: 276-85

Bian L: Medical individualism or medical familism? A critical analysis of china's new guidelines for
informed consent: The basic norms of the documentation of the medical record. J Med Philos 2015;
40: 371-86

23



February 01, 2021

PROTOCOL AMMENDMENT LOG:

5/1/2017 - Based on new findings from second VISION cohort, we needed to change the
PROTECT protocol. Specifically, we needed to get a preoperative troponin, but
then only for two days afterwards. The preoperative troponin could be obtained
any time before surgery, including in a preoperative assessment clinic or on the
morning of surgery. As before, we'd like to know about any troponin measurements
after the first two postoperative days, but measurements are not required after the
first two days.

9/26/2017 — Generation—four Troponin T, generation—five Troponin T or Troponin | will be
used to screen for MINS depending upon site preference. Threshold values for
generation-five Troponin T listed as absolute change =5ng/L or postoperative
values = 65ng/L will be used to diagnose MINS.

10/12/2017 — “up to 2 weeks prior to day of surgery” added to page 9 paragraph 2.
Troponin tests up to 2 weeks prior to day of surgery will be considered as pre-
operative troponin.

11/02/2017 — Definition of MINS using generation five Troponin T was updated based on
VISION 2 cohort study. An increase of 25 to a value of at least 20 ng/L would be
considered as MINS and required evaluation with EKG, ECHO or Cardiac Consult.

12/03/2017 — Page 10 paragraph 2 line 1-4: Diagnostic criteria for MINS based upon
generation four Troponin T, generation five Troponin T and Troponin | was
rephrased for clarity. Page 10 paragraph 2 line 5-6: either EKG, ECHO or Cardiac
Consultation changed to EKG and ECHO with cardiac consultation.

10/26/18 — Edward Mascha removed from the Executive Committee.

11/4/18 — Inclusion criterion changed from “peripheral vascular surgery” to “peripheral
arterial surgery.” Chi Cheung from Queen Mary hospital removed from the Steering
Committee.

12/10/18 — Jens-Urlik Jensen substituted for Brian lifeld as Chair of the DSMB. Dr. lIfeld
declined after better understanding the requirements.

1/17/19 — Changed management from “aggressive warming to a target final
intraoperative core temperature 237°C” to “aggressive warming to a target
intraoperative core temperature 237°C.”

5/27/2020 — “Bair Hugger and Bair Paws” changed to “forced-air’ because 3M withdrew
funding for the trial.

10/29/2020 — Because the trial is enrolling quickly and well, the Executive Committee
decided to skip the third interim and analysis. That is, we plan to complete the trial
without an interval assessment with the goal of shrinking the confidence intervals
around whatever the findings might be. This decision was made without any
access to by-group results.
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02/01/2021 --- The following was deleted Page 9, second Paragraph

Myocardial injury after non-cardiac surgery will be defined as having a generation-four
troponin T of = 0.03 ng/ml, peak post-operative generation-five troponin T of = 65ng/L,
peak post-operative generation-five troponin T = 20ng/L with change of = 5ng/L from
baseline and values exceeding local 99t" percentile for troponin .

The following was added P9

Myocardial injury will be considered when a postoperative troponin concentration is
elevated and believed to be consequent to myocardial ischemia. The thresholds differ
depending on the assay generation and type. We will use the following thresholds based
on available literature:
1. non-high-sensitivity (fourth-generation) troponin T 20.03 ng/ml;
2. high-sensitivity troponin T 265 ng/L; or high-sensitivity troponin T
20-64 ng/L and an increase 25 ng/L from baseline;
3. high-sensitivity troponin | (Abbott assay) is 275 ng/L#4;
4. high-sensitivity troponin | (Siemens assay) is 260 ng/L (Borges,
unpublished);
5. troponin | (other assays) is at least twice local 99" percentiles;
6. anincrease of at least 20% in patients who have preoperative high-
sensitivity troponin concentrations that exceed 80% of the relevant
thresholds in items 2-5.

For patients with a chronic elevation or an acute myocardial injury before surgery, a new
myocardial injury after surgery requires identification of a new elevated troponin after
surgery as per points 1-5 above, and the troponin elevation must be a 20% rise beyond
the chronic troponin value or beyond the last measurement of the acute preoperative
myocardial injury that was clearly demonstrated to have peaked and was coming down.
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